Malnutrition for the elderly is a serious threat to their health. An elderly malnourished person is more exposed to illness, to disability and to institutionalization. Among the causes of malnutrition there is also the reduction of food intake for reduced hunger. With aging many factors favor the prevalence of satiety with respect to the desire to eat. This condition has been defined as anorexia of aging. Gastric motility impairment, unbalanced central and gastrointestinal hormone and peptide dynamics, together with sensory deterioration, depression, social and iatrogenic factors may be found frequently among older person and cause anorexia. Reduced appetite and exaggerated feeling of satiety are also causes of deterioration of quality of life, due to the decrease in the pleasure of eating and the presence of unpleasant, early and prolonged sense of fullness. Understanding the mechanisms that facilitate anorexia could help eliminate reversible causes and reduce the effect of para-physiological changes at the basis of anorexia. With this approach, it would be possible to improve the nutritional status and, at the same time, the level of quality of life of aged people.
Introduction
Malnutrition is a frequent condition in the elderly, it is associated with a reduction in the adaptive response to the physiological and pathological conditions of aging. 1 This condition has a dramatic impact on health in the elderly: it impairs the immune system, thus increasing the frequency and severity of infectious diseases. 2 Malnutrition may cause anemia as well as cognitive decline, osteopenia, altered drug metabolism and sarcopenia. Malnourished elderly run a higher risk of hospitalization, delayed discharge from the hospital and mortality. 3 Unfortunately, malnutrition is a frequent condition at older ages. It has been reported that 17-65% of hospitalized older subjects and 5-59% of institutionalized suffer from malnutrition. 4 A low food intake represents one of the main risk factors for malnutrition: this condition has been referred to as anorexia of aging. [5] [6] [7] [8] Both cross-sectional 9 and longitudinal 10, 11 observations have shown that energy intake is reduced in the elderly as compared to younger subjects. The mean calorie reduction between 20 and 80 years of age was 1300 kcal/day for men and 600 for women, 9 while from 40 to 70 years of age food intake was reduced by 25%. 10 At more advanced ages, energy intake declined constantly by 13 kcal/day/year in women and 25 in men. 11 The consistent reduction of food intake in the elderly is only in part justified by reductions in energy expenditure, so old men and women mainly lose body weight. 11 The impact of anorexia not only involves nutritional status and thus healthy, but also quality of life (QoL) at advanced ages. Reduction of food desire and eating pleasure attenuation may themselves cause worry, sadness and ultimately worsening of QoL, regardless the nutritional balance. 12 The purpose of this manuscript is to review the recent literature by Pubmed search looking for the impact of anorexia on health and quality of life in the elderly. Aim of the study is to describe what are the clinical features and diagnostic tools that allow identification. Finally, this review will try to clarify the pathogenic mechanisms of anorexia and the possible interventions for reducing the consequences of anorexia on nutritional status and on the quality of life of older people.
Prevalence
In a meta-analysis on 59 international trials, authors from South Australia verified the effect of aging on appetite and energy intake, after overnight fasting and in a postprandial state. They found that energy intake was 16%-20% lower in older than younger adults. Hunger was 25% lower in fasting condition, 39% lower in a postprandial state. Fullness was 37% greater in older than younger adults. 13 In one multicenter study conducted in Italy, authors investigated the prevalence of anorexia in a cohort of about five hundred people aged more than 65 years living in the community, in nursing homes, and in rehabilitation and acute wards. 14 In this study, anorexia was defined as a reduction in food intake, equal to or greater than 50% of the Italian recommended daily allowance over a 3-day period, and not attributable to dysphagia or oral pain. The prevalence of anorexia was reported to be approximately 30% in the rehabilitation and acute wards and nursing homes. Approximately 11% of men and 3% of women in the community were ingesting too few calories.
In another cross-sectional study of 1247 people aged 60 years and older, in Mexico City, anorexia of aging was considered when a person reported eating less in the previous 12 months because of a loss of appetite. Anorexia of aging was reported to be present in 30% of the study population, and associated with reduced mobility and disability. 15 
Screening and diagnostic tools
Early detection and treatment of anorexia may prevent its consequences on nutritional status, health and QoL. There are simple, validated clinical tools that objectively quantify appetite in older adults at risk of weight loss. Several groups use nutritional risk assessment tools such as the Mini Nutritional Assessment tool (MNA), the short-form of the MNA (MNA-SF), the Seniors in the Community Risk Evaluation for Eating and Nutrition tool (SCREEN), and the Functional Assessment of Anorexia Cachexia Therapy (FAACT) questionnaire. However, most of these tools are time-consuming and evaluate multiple interdepend- ent nutritional domains, but not specifically anorexia. 8 A more specific simply screening tool has been developed by shortening the 8-item Council on Nutrition appetite questionnaire (CNAQ). This 4-item derivative, the Simplified Nutritional Appetite Questionnaire (SNAQ), is a short, simple appetite assessment tool that predicts weight loss in community-dwelling adults and long-term care residents. 16 More recently SNAQ was utilized on hospitalized older women and could recruit 42% of patients with a lower score, who showed worse health outcomes at 6-months follow-up. 17 Off course screening test for anorexia have a clinical relevance only if included in a multidimensional geriatric assessment.
Causes of secondary anorexia
Many of the social, psychological and organic conditions that characterize aging are also recognized causes of reduced food intake and malnutrition. Among social factors, economic problems and isolation are the most frequent. Depression more frequently plays a role in weight loss in the elderly than in young people. Dementia causes malnutrition, as meals are frequently ignored or refused. Ageusia of swallowing may also be recognized, particularly in post ischemic dementia.
Several diseases, which are frequently associated with the elderly lead to weight loss, mainly by elevating energy expenditure, but also because they depress hunger sensation. Patients with chronic obstructive pulmonary disease suffer from both the consequences of energy dispersion (due to respiratory inefficiency) and anorexia, caused by inflammatory mediators. Similarly, neoplasia and heart failure cause cachexia for higher energy requirement but also for anorexia. In these conditions, high concentrations of cytokines such as IL-6 and TNFalpha have a strong anorexigenic effect and the condition is defined cachexia. 18 Multiborbidity in general is a possible cause of anorexia.
Dysphagia and poor mastication interfere with nutritional status either directly or indirectly, by reducing taste sensation.
Many drugs, which are widely used in the elderly, may cause anorexia. Table 1 shows a list of the most common. The drugs listed are among the most utilized and cannot generally be easily suspended. However, it is important to look for alternatives in patients at risk of malnutrition. When it is not possible to stop treatments, one should consider a nutritional active intervention to balance the reduced desire to eat.
Mechanisms of primary anorexia
In similar health and social conditions, energy intake has been reported to be lower in the elderly compared to younger adults. A primitive age-related alteration in the mechanisms regulating energy balance has been hypothesized. 19 Aging is associated with impairment in the ability to regulate body weight. A study from Roberts et al. 20 demonstrated that after a few weeks of a 30% calorie restriction, both elderly and young subjects lost weight. However the elderly were unable to spontaneously regain weight by a compensative hyperphagia as was observed in young adults.
Single food-specific sensory satiety contrasts the excessive intake of a single food even in a normocaloric meal. In the elderly this kind of satiety seems to be impaired thus facilitating monotonous single food intake. 21 Furthermore, a reduction of taste and smell restricts the choice to a few foods in the elderly. These conditions often lead to a poor alimentary variety of choice that increases the risk of quantitative malnutrition due to low-calorie intake and qualitative low intake of single nutrients (in particular proteins). 22 
Hunger-satiety control in normal condition
Neurons from the hypothalamic nucleus arcuatus (ARC) release NPY (neuropeptide Y), the most potent central orexigenic mediator, and AgRP (agouti related peptide), another hunger mediator. Axons from ARC neurons release NPY and AgRP in the paraventricular nucleus (PVN), referred to as the satiety center, and inhibit it. Other neural terminations from ARC reach the lateral hypothalamic area (LHA), known as the hunger center, and stimulate it. The net effect of NPY and AgRP tone is hunger stimulation and satiety inhibition leading to increased food intake. 23 Adjacent to orexigenic neurons in the ARC, other neurons express POMC (pro-opiomelacortin), the precursor of melanocortins, such as alpha -MSH, that inhibit LHA and stimulate PVN. Other neurons with similar action express CART (cocaine-amphetamine-related peptide). MSH and CART are inhibited by NPY neurons. 23 Leptin produced by the adipose tissue and insulin from the pancreas act in the blood as a long-term signal of adiposity, thus indicating the presence of a positive energy balance to the hypothalamus. 24 CCK, Glucagon-Like peptide 1 (GLP-1) and peptide YY (PYY) produced after meals by the upper and lower intestine, and the colon respectively, elicit short-term signal of satiety. Leptin, insulin, CCK, GLP-1 and PYY inhibit NPY/AgRP neurons and stimulate POMC neurons, causing satiety. 23, 24 Ghrelin, a hormone produced by the empty stomach during fasting, stimulates NPY neurons in the ARC, potentiates hunger and triggers eating. 25 Along the vagal nerve, stimuli from stretching receptors of the stomach rise after gastric filling by food and reach the nucleus of the tractus solitarius (NTS). NTS evokes the sensation of satiety and contrasts excessive food ingestion. Following the same neural pathway, CCK, produced by the intestine in the presence of lipids and amino acids in the lumen, also stimulates NTS and thus postprandial satiety. NTS receives inhibitory fibers from LHA and excitatory fibers from PVN. In this complex system hunger prevails in fasting conditions, satiety after meals. 23, 24 At the level of the central nervous system, endogenous cannabinoids stimulate hunger since they potentiate the pleasure of and desire to eat. 26 In analogy with animal studies, endocannabinoid tone in the elderly may be diminished. 27 Taste and flavor, but also the sight of pleasant food, enhances hunger by acting on In summary ghrelin is the only orexigenic signal that comes from peripheral districts; it is produced in a pulsatile manner by the empty stomach. All other peripheral short-and long-term signals inhibit hunger and produce satiety. Anorexigenic signaling from the gastrointestinal tract counteracts food intake over digestive and absorption ability. 28 Adiposity signals from leptin and insulin indicate to the central system energy storage in the adipose tissue, thus they potentiate central satiety sensation. Longand short-term signals interact so that insulin inhibits ghrelin and leptin enforces the CCK signal and vice versa. 23 Finally, nutrients themselves influence food intake, in particular blood levels of fatty acids and glucose, directly or indirectly, regulate hunger and satiety control centers. 23, 29 Age-related abnormalities of hunger-satiety balance NPY is one of the most abundant peptides in the whole brain and is able to integrate the metabolic and behavioral systems 30 pushing towards the search and intake of food, as a survival instinct (Figure 1 ). NPY impairment may be involved in the pathogenesis of anorexia in the elderly. Most of the data have been obtained from observations in rats. Aged rats exhibited low drinking and eating responses when NPY was injected into the PVN. 31 However, when plasma and cerebrospinal NPY levels were evaluated in anorectic elderly, high levels of NPY were found. 29 Although some authors found lower concentrations of plasmatic endocannabinoids in elderly as compared to young people, 32 the opioid inhibitor naloxone showed the same suppressive action on hunger in both young and older subjects, suggesting that there is no difference in the basal endocannabinoid tone. On the basis of these findings, MacIntosh et al. 33 concluded that age is not associated with reduced opioid feeding drive.
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Taste and smell alterations
The elderly have a reduced sensor-specific satiety. As a consequence they may consume a large amount of a single food, but, on the other hand, they may feel satiety for any food after a single food ingestion. 19 The possible mechanism for reduced sensory-specific satiety could be impairment of taste and smell senses in the elderly. This latter condition also causes reduced food intake, since taste and smell normally potentiate the sensation of hunger. 34 Taste is impaired with aging. Fukunaga et al. 35 found higher thresholds for recognizing sweet, bitter, salty and acid in the elderly as compared with young controls. Oral taste receptors were not reduced, since taste buds count was similar between the different age groups. However, impaired cell turnover and structural abnormalities have been reported with aging. 36 Olfactory deficit has been demonstrated in the elderly and this may also reduce hunger. 37 Food consumption increased when elderly subjects were offered food with flavor enhancement. 38 Difficulty in recognizing flavors might be the consequence of age-related modification of olfactory epithelium, receptors and neural pathways. Furthermore, several drugs, commonly prescribed to old patients, impair taste and smell sensitivity. 34 Both flavor and taste of food perception are involved not only in specific food recognition, but also in the pleasantness of food. For this reason age-related sensory impairment may affect the hedonistic enhancement of food intake and contribute to the anorexia of aging. 2 Unfortunately, instead of improving the taste of food, to make it more appetizing, older people often give up the pleasure of eating and choose a monotonous diet, thus increasing the risk of malnutrition.
Gastrointestinal motility
Abnormalities in gastrointestinal motility may play a crucial role in the hunger/satiety unbalance observed with aging. In particular, delayed gastric emptying may cause prolonged postprandial satiety. [39] [40] [41] [42] [43] [44] Studies on gastric motility in the elderly have shown controversial results, mostly due to differences in test meals and methods of evaluation. Scintigraphic observations with radiolabeled food showed delayed emptying of both liquid and solid components of food, 40, 43 but in one study only liquid food emptying from the stomach was delayed. 41 Ultrasound studies extrapolate gastric volume modifications, and thus gastric filling and emptying, by measuring the area at the level of the antrum, in fasting conditions and at regular intervals after meals. Using this technique, liquid meal emptying was found to be accelerated in the early postprandial phase in elderly patients. 42 The authors hypothesized an age-related impaired adaptation of the stomach to the alimentary (liquid) bolus. Morley et al. postulated reduced production of nitric oxide at the level of the fundus of older people, leading to a loss of gastric compliance and more rapid antral filling. 45 Reduced fundus compliance may reduce food intake because of distension of the antrum due to earlier delivery of food. Under more physiological conditions, subjects were given a mixed solid-liquid meal. Ultrasonographic antral dynamics demonstrated delayed gastric emptying in the elderly. A study conducted in Italy showed complete gastric emptying after an 800-kcal meal to be delayed by more than 2 hours in the elderly. 39 Satiety consistently lasted longer and hunger was suppressed during the 4 hours of postprandial observation; satiety was directly and hunger inversely correlated with gastric emptying time. Nonetheless, satiety remained high in the elderly even at the end of the observation, when only a small quantity of food was present in the antrum. This suggests a possible sensory hypersensitivity. Ultrasonography can only evaluate antral emptying and cannot study fundus filling or emptying, nor distinguish between the liquid and solid components of food. Nevertheless, complete gastric emptying time, extrapolated by ultrasound antral area dynamics, proved to be reliable when compared with gold-standard scintigraphy. 46 Therefore, the use of ultrasound monitoring after physiological meals is probably the best non-invasive way of evaluating gastric motility at more advanced ages. Furthermore, in physiological conditions, antropyloric motility leads neuro-hormonal response to a meal, which regulates food intake and digestion, according to antral filling and nutrient delivery from the antrum to small intestine. 47 Slower gastric emptying in elderly persons may be a consequence of a reduced digestive ability of the stomach; it could also be the consequence of an ileal brake effect, caused by a neuro-hormonal response to the presence of nutrients in the small intestine over its digestive and absorptive ability. Finally, chronic gastritis or medications may cause hypochloridria, which further retards gastric emptying. 48 Abnormalities in gastric motility may cause early satiation due to reduced fundus compliance, and prolonged satiety caused by slower gastric emptying. 2 Using satiety scores, younger subjects crossed hunger sensation 2 hours after their meal and had scores comparable to fasting values after 4 hours. In their elderly counterparts, the sensation of satiety still prevailed over hunger 4 hours after their meal. Satiety was directly and hunger inversely correlated with gastric emptying time. 39 Intestinal motility also influences the hunger/satiety balance at the level of colonrectum, in particular colonic stasis delays gastric emptying by a colon-gastric reflex, indirectly prolonging the sensation of satiety. 5 Constipation, which is a common finding in advanced ages, is an exclusion criteria for motility studies of this kind, but it should be taken into account as a possible cause of impaired motility along the whole gastrointestinal tract, and thus as a risk factor for anorexia. 49 More recently it has been shown that gut microbiota promotes satiety and lowers hunger and energy intake in humans, by fermentation of prebiotics. 50 Significant changes in gut microbiota composition in older subjects have been reported in relation to diet, drug use and the place of residence. Moreover, changes in microbiota composition in the old age have been related to immunosenescence and inflammatory processes. 51 Further studies are needed to clarify a possible role for microbiota on hunger/satiety balance in the Elderly.
Review
Role of hormones
CCK is the most relevant satiety hormone: it is released by the proximal small intestine in response to the delivery of nutrients from the antrum, particularly of lipids and proteins. 28 Several studies have demonstrated the presence of higher CCK concentrations in the blood of aged compared to young persons. 39, 47, 52, 53 Intraduodenal infusion of either glucose solution or lipid suspensions showed a greater difference between the age groups after lipid infusion. 54 Motor gallbladder sensitivity to CCK seems to be impaired with aging, but a CCK satiating effect sensitivity seems to be preserved. 55 High levels of CCK are among the major causes of the anorexia of aging as they were correlated to abnormally higher satiety sensation after meals. 47 In a study we confirmed higher fasting and postprandial CCK serum concentration in the elderly. 39 At the end of the observation, when the antrum contained only small volumes of food, the elderly group still had high circulating CCK levels, high satiety and low hunger.
CCK may have a primitive role in the genesis of anorexia and malnutrition, since higher CCK levels were found in malnourished aged subjects compared to well-nourished elderly. 53 Peptide YY (PYY) is released by the distal intestine in response to the presence of undigested nutrients in the lumen. PYY inhibits the NPY-mediated appetite stimulus. 55 A previous study on postprandial PYY did not find any differences between young and older people, but the observations were limited to 120 min after the meal. 47 A more recent observation showed a greater rise of PYY in late postprandial period in the elderly as compared to young controls. 39 In analogy with CCK, abnormally high postprandial PYY levels may inhibit the search for a second meal, thus leading to longer fasting intervals, causing reduced food intake and malnutrition in elderly persons. Both CCK and PYY are enteric peptides involved in gastrointestinal motility in response to eating, they provide a potent anorexigenic signals to the hypothalamus. They also mediate slowing of gastric emptying induced by the presence of nutrients in the small intestine. 47 Abnormally high levels of fasting and postprandial CCK and PYY may further and indirectly prolong satiety by slowing antral emptying.
The GLP-1 is an active by-product from glucagon metabolism. GLP-1 is produced by the distal small intestine after food ingestion and elicits an anorexigenic signal. 56 The role of GLP-1 in anorexia in the elderly needs to be further investigated since its concentrations after different stimuli have been shown to be similar in older and younger subjects. 47, 53 However after a hyperlipidic meal, but not after carbohydrates load, GLP-1 curves and satiety sensation were higher in older group compared to young controls. 57 Insulin, the well-known regulator of glucose metabolism, is also a satiety hormone. Insulin probably acts indirectly by enhancing the leptin signal to the hypothalamus and by inhibiting the ghrelin orexigenic stimulus. Aging is characterized by reduced glucose tolerance and elevated insulinemia. This condition may facilitate anorexia. Higher concentrations of plasma insulin may amplify the anorexigenic signal of leptin, since insulin stimulates central leptin action and sensitivity at the level of the ARC. 58 Hyperinsulinemia in the elderly could also be responsible for inhibiting ghrelin gastric expression and central sensitivity. 59 Leptin is another possible actor of anorexia in the elderly. This cytokine is a hormone that is mainly produced by adipose cells, whose main role consists in long-term energy balance, by giving the CNS a sign of energy storage. As discussed before, low leptin levels signal loss of body fat and a need for energy intake, while high leptin levels testify the presence of adequate body fat and no need for further food intake. 23 Fasting leptin in healthy elderly subjects was found to be elevated when compared to young persons, even after adjusting for body fat mass. 60 Serum leptin was found to be significantly higher in the elderly group after a meal. Interaction was not significant, as well as the effect of time, so that mean values of leptin showed a flat line in both young and older persons; younger subjects showed lower mean values compared to older subjects. 61 These findings are in line with previous observations in adults, suggesting that leptin concentrations do not change significantly shortly after a meal 62 and confirming that leptin is more involved in long-term food control than in short-term modulation of food intake.
Nevertheless, the authors hypothesized that elevated serum leptin may have facilitated a postprandial prevalence of anorexi- genic signals. As already reported, aging is characterized by high postprandial CCK concentrations. 5, 39 In this condition, leptin passes more easily through the blood-brain barrier, inducing an increase in hypothalamic sensitivity to leptin. 63 Other authors claim the contrary for higher central CCK sensitivity in the presence of high leptin levels. 62 In any case, leptin and CCK collaborate to amplify the inhibitory message to NPY feeding drive.
Ghrelin is the only peripheral hormone known to stimulate appetite. Ghrelin is produced and secreted by the endocrine gastric mucosa to enhance food intake. 25 Ghrelin has a pulsatile secretion, with a maximal blood concentration just before the meal and a drop just after stomach filling. For these reasons, ghrelin is thought to be implicated in meal initiation. It has been suggested that ghrelin also encourages healing and growing. Therefore, hunger elicited by ghrelin could be considered as a warranty for energy surplus need in case of growth and tissue repair. [23] [24] [25] Ghrelin also seems to regulate longterm energy balance, and it rises under conditions causing negative balance such as anorexia nervosa, cachexia or hypocaloric diet. On the contrary, ghrelin secretion is suppressed in obese subjects with a positive energy balance. 64 Only relatively few data are available on ghrelin dynamics with aging. One study showed elevated fasting ghrelin values in the elderly. 65 Two other observations showed no significant age-related difference even in the postprandial period. 53, 61 Postprandial ghrelin was not significantly different in young and old subjects. In both age groups ghrelin dropped after the meal and returned to basal values within 4 h. Nevertheless, hunger did not follow a postprandial ghrelin raise in the elderly. Concurrent high concentrations of leptin and insulin may have been responsible for the low sensitivity to ghrelin. 59, 64 Furthermore, ghrelin is produced by the stomach in two major molecular forms: an active acylated ghrelin that stimulates food intake, and a second desacyl ghrelin that was thought to have no hormonal action. 66 However, in animal models, it has been demonstrated that, in contrast with the acylated form, desacyl ghrelin decreases the intake of food. 64 The ratio of acylated to non-acylated ghrelin may have a role in different responses to ghrelinemia in the elderly. In fact on a small sample of healthy subjects lower fasting and postprandial plasmatic acylated ghrelin was found in the older subjects, without the pulsatile response demonstrated in younger controls after the meal. 67 
Intervention
In summary, the risk of malnutrition in the elderly is high for many clinical, functional and social risk factors. A primitive socalled anorexia of aging represents an additional primary risk factor. In adult life we face the risk of overeating and gaining body weight due to the prevalence of hunger (mostly central) signals, warranting survival in the presence of small quantities of food. In the elderly there is a prevalence of both short-and long-term satiety signals (mostly peripheral), which contrast energy balance and cause malnutrition and frailty. 68 In this case it seems that species survival prevails and less active (aged) people spontaneously consume less community food resources. Notwithstanding the easy and inexpensive access to food in Western countries, these mechanisms lead to malnutrition, frailty, and thus to higher morbidity, disability and mortality at older ages. Even the quality of life is deteriorated by reduction of the hedonistic component of eating and the pleasure of social interactions related to food consumption. So the treatment goal should be the improvement of malnutrition and quality of life, the intervention should increase both the caloric intake and the pleasure of eating.
A pharmacological approach to this multifactorial problem does not seem to be realistic, but a strategy to counteract anorexia and malnutrition can be put in place, with a multidimensional approach that should be aimed at countering the reversible causes of anorexia. Most of these conditions can be contrasted with dietary, environmental and social interventions (Table 2) . Even the consequences of physiologic age-related alterations, causing primary anorexia, can be reduced. For example, slow gastric emptying may be contrasted by fractionating food intake into small digestible meals. Improving taste and flavor of the dishes may enhance blunted hunger. Limiting the intake of CCK-stimulating foods, such as fats and proteins, may reduce excessive satiation CCK signal (Table 3) .
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The Literature has not yet clarified all of the aspects of anorexia in the elderly. Many more peptides and mediators involved in energy homeostasis need to be tested in the older population, the complex integration of peripheral and central circuits needs to be further studied in humans. Little attention has been paid to the role of digestive and absorptive dysfunction on hunger and satiety control with aging. From basic research it is now time to boost nutritional and multidimensional intervention protocols. 
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